For Siewert type II adenocarcinoma of the esophagogastric junction (AEG II), or similar tumors classified as Nishi EG, E=G, GE, the type of surgical resection and reconstruction should be individualized. Criteria for decision making mainly focus on the oral extent of esophageal infiltration, the cT and cN category and the functional status of the patient. For cT1/ cT2 adenocarcinomas, which are non-poorly cohesive, intestinal type of Lauren Grading 1 or 2 without clinical signs of lymph node metastasis at the distal stomach, a limited transhiatal proximal gastrectomy with double tract reconstruction is recommended. For advanced adenocarcinomas, subtotal esophageal and proximal gastric resection with gastric pull-up or distal esophageal resection with total gastrectomy and esophagojejunostomy are competing procedures. Criteria for choosing the appropriate type of surgery are discussed.
Introduction
The present analysis focuses on the optimal type of surgical resection for Siewert type II adenocarcinoma of the esophagogastric junction (AEG), which is still under debate. Compared to AEG I (Barrett's esophageal adenocarcinoma (AC) and AEG III (subcardial gastric AC), AEG II is defined as an AC with the tumor epicenter located between 1 cm above to 2 cm below the anatomical esophagogastric junction (EGJ) [1, 2] . It is also called true cardia cancer. In Japan, the Nishi classification for this entity is also based on the center of the tumor, which is located between 2 cm above to 2 cm below the anatomical EGJ [3] . The Japanese Esophageal Society subclassification of Nishi's proposal has 5 types, depending on the relative extent of esophageal or gastric involvement (E, EG, E=G, GE and E) and true cardia cancer is mostly represented by the EG, E=G or GE type Nishi tumors [4] .
The Siewert and the Nishi classification refer to the center of the tumor, but do not take into account the proximal and distal extent of the cancer, as such it has limited importance for the decision of the extent of surgical resection. A large AC with the center at 0 cm can infiltrate the esophagus much longer than a small tumor with the same center or a center even more proximally located. The extent of esophageal infiltration is more important than the gastric involvement as the abdomino-transhiatal approach to the esophagus is limited, whereas the stomach is much better exposed. The exposure of the distal esophagus is essential for achieving an appropriate esophageal resection margin and for constructing a safe anastomosis in the lower mediastinum by the transhiatal approach. If either or both conditions are not possible an additional transthoracic approach is necessary.
Another important issue of the AEG II/Nishi tumors is their lymphatic drainage as they are exactly localized at the junction of the thoracic and abdominal cavity, and between the esophagus and stomach. The optimal extent of lymphadenectomy in the mediastinum and the upper abdomen is still based on low evidence.
The aims of surgical resection of AEG II/Nishi tumors are: -complete resection of the primary lesion with negative proximal, distal and lateral margins (R0 resection) -avoiding unnecessary resection of normal esophagus or stomach -adequate mediastinal and abdominal lymphadenectomy -approach with low invasiveness (thorax/abdomen) -achieving a safe and easy reconstruction with good longterm function, balancing safety, oncological clearance and quality-of-life issues.
This review presents arguments for an individualized surgical treatment of AEG II/Nishi type tumors. Endoscopic resection for early mucosal cancers is not discussed. Further this review does not discuss the relative merits of minimally invasive versus open surgery, because many procedures can be performed in both ways.
New aspects of lymphatic metastasis
In 1002 AEG tumors reported by Siewert and associates, tumor resection was primarily transthoracic esophagectomy for type I and transhiatal extended total gastrectomy with distal esophageal resection for type II and III cancers [5] . In all 3 types most lymph node metastases were localized at the paracardial region (station 1 and 2), at the lesser gastric curvature (station 3), at the left gastric artery (station 7), and in the lower mediastinum (station 110 and 111). The rate of lymphatic metastasis in the lower mediastinum was only high for AEG type I tumors at 32% and lower for AEG type II at 16% and 12% for type III cancers. The lymph nodes of the middle and upper mediastinum were only routinely removed in type I tumors with a 10% or 5% infiltration rate, respectively. For type II and III tumors therefore no data on these regions were available. The rate of lymph node metastasis at the distal stomach, station 5 at the supra-pyloric area and station 4 and 6 at the greater curvature and infra-pyloric region was only 2% for type II and 15% for type III tumors. However this was a series of mostly advanced AC (pT3/ pT4).
A large nation-wide retrospective study in Japan of 2807 patients analyzed in detail the nodal spread of junctional tumors according to Nishi's classification. Inclusion criteria were patients without neoadjuvant therapy, tumors of less than 4 cm diameter, and all underwent R0 resection. The results supported the findings of Siewert et al. The lymphatic metastases were found also mainly in the abdominal nodes, especially at the right and left paracardial, lesser curvature and the left gastric artery stations [6] . The lymph nodes at the distal stomach were rarely infiltrated: station 4sa 0.1% (pT1), 0.8% (pT2), station 4sb 0% (pT1), 0.5% (pT2), station 4d 0.2% (pT1), 0.4% (pT2), station 5 0% (pT1), 0.5% (pT2) and station 6 0.1% (pT1), 0.9% (pT2). In pT3/pT4 carcinomas, lymph node infiltration in these stations was only about 1% higher and the removal of these lymph nodes had no prognostic benefit.
These lymph node metastasis rates were confirmed by a recent prospective study jointly organized by the Japan Esophageal Society and Japanese Gastric Cancer Association, including 363 patients with the same definition of EGJ tumors (91% adenocarcinomas, 240 transhiatal and 120 transthoracic approach) as in the study of Yamashita (pT1 17%, pT2 17%, pT3 48%, pT4 17%: Lymph node station 4sa 4.3%, station 4sb 0.8%, station 4d 2.2%, station 5 1.1% and station 6 1.7% [7] . Based on these data the Japanese Gastric Cancer Association recommended that routine dissection of the lymph node stages 4, 5 and 6 was not necessary in tumors of the EGJ [6] . Further they concluded that the length of esophageal infiltration was a better indicator for mediastinal lymph node metastasis than the location of the tumor epicenter. This correlation was also reported from Koyanaki from a series of 168 patients with AEG II tumors [8] .
A very exact pattern of lymph node metastasis in AEG II Nishi tumors could only be detected if in a series of patients total esophagogastrectomy with radical mediastinal and abdominal lymphadenectomy is performed. As this is not possible the mediastinal lymph nodes can only be evaluated by preoperative CT-scan and endosonography. The abdominal nodes will be completely removed anyhow by D2 lymphadenectomy except in cases with limited gastric resection.
Another question is the existence of lymph node metastasis in the greater omentum and the value of its removal in patients with EGJ tumors. The rate of lymph node metastasis in the omentum is very low and therefore total omentectomy is avoided especially in the T1 or T2 category [6, 9, 10] .
Early adenocarcinoma
Because of these data a limited resection of the distal esophagus and the proximal stomach is adequate in patients with cT1, perhaps cT2 category without clinical suspicion of lymph node metastasis in the mediastinum or at the distal stomach. This is especially so if no other risk factors such as Grading G3, G4, diffuse type of Lauren subtype or poorly cohesive carcinoma are present [11] . The lymph nodes of compartment 1 (perigastric nodes number 1-6) are partially removed with the proximal stomach, whereas lymphadenectomy in compartment 2 (suprapancreatic nodes number 7-12) can be completely performed.
For reconstruction after distal esophagectomy and proximal gastrectomy, four options are available ( Fig. 1 ):
-Direct esophagogastrostomy -Merendino procedure with jejunal interposition between esophagus and stomach -Double tract reconstruction with Roux-en-Y esophagojejunostomy, gastro-jejunostomy and jejunojejunostomy -Esophagogastrostomy but with anti-reflux anastomosis such as the double-flap technique.
The characteristics of these four procedures are compared in Table 1 . Direct esophagogastrostomy in the lower mediastinum is the easiest method, but it has a high rate of severe reflux esophagitis which is very difficult to treat. Therefore we avoid this option.
The Merendino procedure is the most difficult, because a pedicled jejunal loop has to be isolated and interposed between esophagus and stomach. This procedure is complicated by quite a high rate of kinking of the jejunal loop with swallowing problems and delayed gastric emptying especially if the vagus nerves could not be preserved. Further reflux esophagitis is a frequent problem [12, 13] We favor the double tract reconstruction, because it has the lowest rate of reflux esophagitis and because of 2 channels, problems of delayed emptying are very rare [14] [15] [16] [17] [18] [19] . Compared to total gastrectomy with Roux-en-Y esophagojejunostomy the preservation of the distal stomach and double tract reconstruction has some advantages according to the retrospective studies [16] [17] [18] [19] -a shorter operating time -lower blood loss -lesser postoperative vitamin B12 supplementation -lower hemoglobin change [17, 18] .
-the incidence of reflux symptoms ≥ Visick II is low (1-2%) and not different to total gastrectomy -overall survival is similar compared to total gastrectomy in clinical stage I proximal gastric cancer.
A multicenter randomized trial comparing laparoscopic proximal gastrectomy with double-tract reconstruction versus laparoscopic total gastrectomy for proximal gastric cancer cT1N0M0 is being conducted in Korea [20] . The primary end-points are haemoglobin change and vitamin B12 cumulative supplement quantity at post-gastrectomy 2 year.
Esophagogastrostomy with anti-reflux anastomosis is being investigated [21] . Only one anastomosis is needed. Preliminary data suggest low incidence of reflux esophagitis. However the technique is technically demanding. Hosoda et al. described none of 20 patients with heartburn without antacid drugs and in 19 of 20 patients a reflux percent time of < 1.4% [21] .
Advanced adenocarcinoma
For advanced AEG II/Nishi tumors or early AC which do not qualify for limited resection, two main types of resection and one exceptional type can be applied ( Fig. 1) :
-transthoracic subtotal esophagectomy and proximal gastric resection with reconstruction by gastric pull-up with either intrathoracic or cervical esophagogastrostomy. -abdomino-transhiatal total gastrectomy with distal esophageal resection and reconstruction by Roux-en-Y esphagojejunostomy. If by transhiatal approach the anastomosis is difficult it can also be performed through an additional lower thoracotomy. -subtotal esophagectomy and total gastrectomy with reconstruction by colon interposition. This is only indicated in very large tumors or patients with previous gastric resection.
The pros and cons of these three procedures are compared in Table 2 .
In advanced AEG II/Nishi tumors the length of esophageal infiltration is the most important issue for decision making about the type of resection and reconstruction. The oral safety margin at the esophagus should be at least 2 cm on the extended fresh specimen. Otherwise the prognosis is significantly inferior according to the analysis of Mine et al. [22] .
The R0-resectability in oral direction via an abdominotranshiatal exposure is also dependent on individual anatomy; for example the presence of a large hiatal hernia, a short esophagus, large body size and obesity will make an anastomosis at the hiatus or lower mediastinum difficult. In this context the questions are:
-can the esophageal part of the tumor be completely resected? -which extent of mediastinal lymphadenectomy should be chosen based on preoperative CT/endosonography and intraoperative findings? -can a jejunal loop with sufficient length and good vascularization be prepared and used for a transhiatal anastomosis without tension?
In case of planned abdomino-transhiatal extended gastrectomy our recommended strategy is first to prepare the distal esophagus in the lower mediastinum by a transhiatal approach. If visually and by palpation an R0-resection at the esophagus is possible, it is severed and an intraoperative frozen section is performed. If this is tumor free and the jejunum has enough length for reconstruction, the dissection for total gastrectomy can be started. This strategy keeps the option for conversion to esophagectomy and proximal gastric resection and reconstruction by gastric conduit in case of a positive esophageal resection margin on frozen section. Intraoperative endoscopy can also help determine the site of proximal esophageal transection for earlier tumors which are difficult to palpate or in case of dysplasia or Barrett's segment extending above the palpable tumor.
Apart from the extent of esophageal and gastric tumor infiltration, there are other criteria which are important for decision making about the best surgical procedure [23] :
-availability of intraoperative frozen section -localization of suspicious lymph nodes in the mediastinum or upper abdomen -mobility of the mesenteric root of the jejunum -adiposity with fatty mesentery -architecture of the vascularization of the upper jejunum -abnormal stomach or previous gastric resections -vascularization of the gastric conduit after gastrolysis -previous operations of the colon, important for reconstruction in case of an inadequate gastric conduit -previous thoracic surgery especially lung resection at the right side or left (one lung ventilation) -lung function and functional reserves during thoracotomy and one-lung-ventilation -experience of the surgeons in thoracic surgery.
The literature concerning surgical results of AEG II/ Nishi tumors is not very conclusive on the ideal type of surgery. In a series of transthoracic esophagectomy with 3-field lymphadenectomy Lerut et al. found high intrathoracic or cervical lymph node metastasis in 25% for AEG I and 17% for AEG II [24] . Similar results were demonstrated in another study [25] . However these results have not been reproduced and three-field lymphadenectomy remains an uncommon procedure for adenocarcinoma of the esophagus or cardia.
The Dutch randomized trial compared 106 patients who underwent transhiatal and 114 with transthoracic resection for mid-lower third/cardia adenocarcinoma. Pulmonary complication rates were 27% for transhiatal vs. 57% for transthoracic group. The transhiatal group had shorter ventilation time, intensive care unit and hospital stay. In-hospital mortality and overall 5-year survival rates were similar in both groups. Patients who underwent transthoracic resection had more lymph nodes harvested (31 vs. 16). In those with 1-8 positive lymph nodes, transthoracic approach had a significant survival advantage (64% vs. 23%, in 5 years). However, survival rates were similar in those patients without nodal metastases or with more than eight nodal metastases. In patients with type I cancers, 5-year survival was 51% in those with transthoracic resection vs. 37% for transhiatal resection, although statistically the comparison was not significant [26, 27] . It was concluded that transthoracic resection could have survival advantage in type I cancers, especially in those with limited nodal metastases in the expense of increased morbidity. For type II cancers, no significant survival differences were found.
The Japanese Oncology Group trial 9502 was a randomized trial comparing a transabdominal versus a left thoraco-abdominal approach for Siewert II or III adenocarcinomas [28, 29] . It was hypothesized that up to 30% of patients with such tumors would have lower mediastinal nodal metastases and that a left thoraco-abdominal approach could result in better mediastinal clearance and therefore better prognosis. Adenocarcinomas of the esophagogastric junction that had infiltrated to the esophagus for 3 cm or less, clinically T2-4, N0-2, M0 were randomly assigned to a transabdominal (n = 82) or left thoracoabdominal approach (n = 85). Both groups underwent total radical gastrectomy with left upper paraaortic dissection. The left thoracoabdominal group also had formal lower mediastinal dissection. The trial was closed prematurely after the first interim analysis, when the predicted probability of left thoracoabdominal approach having a significantly better overall survival than transabdominal route at the final analysis was only 3.7%. The morbidity rate was worse after the left thoracoabdominal approach (especially pulmonary complication rates). A 10-year follow-up of the trial yielded similar results [29] . Thus a transabdominal approach seems adequate, though the surgeon must be prepared to add a thoracotomy when frozen section indicates a positive proximal resection margin. Although JCOG 9502 is very influential, the trial is somewhat limited by the slight imbalance of factors between the two groups, the finding of lower mediastinal nodal involvement being lower than originally projected when the trial was planned, and the premature closure of the study.
In a series from Hongkong with 380 AEG tumors (59% esophagectomy, 28% proximal gastric and distal esophageal resection, 12% extended total gastrectomy), the surgical approach was not found to be a significant prognostic factor in multivariate analysis. Only the pT-, pN-and the R-category were prognostic (unpublished data). In an international survey with questionnaires from 49 countries and 6 continents, Haverkamp et al. have found quite some differences in the surgical technique for AEG tumors [30] . The preferred technique for type I was esophagectomy in 93% and for type II and III extended total gastrectomy in 66% and 90%, respectively. However, the preference seemed to be strongly influenced by surgeons' expertise (gastric versus esophago-gastric surgeons), and location of centers (by continents).
Decision making
A pragmatic solution for AEG II/Nishi EG, E=G, GE type tumors recommended by the authors could be as follows:
Factors that are in favor of abdomino-transhiatal approach and extended total gastrectomy: -small superficial tumor cT1 (cT2) but diffuse type of Laurén, Grading G3, G4, L1, V1 or poorly cohesive carcinoma. -normal esophagus (safer anastomosis, especially in those without high grade obstruction or preoperative chemoradiotherapy) -elderly patients with increased risk -good exposure at the esophageal hiatus -no suspicion of mediastinal lymph node metastasis -good circumstances for reconstruction by jejunal Rouxen-Y loop.
Factors in favor of transthoracic approach and esophagectomy: -large tumor with substantial esophageal infiltration -edematous and unhealthy esophagus (such as proximal to advanced cancer with high grade stenosis, or post neoadjuvant chemoradiotherapy) -bad exposure at the esophageal hiatus -suspicion of mediastinal lymph node metastasis -normal stomach with good prerequisites for reconstruction.
Factors in favor of a limited esophagogastric resection:
-small tumor cT1 (cT2) -intestinal type of Lauren -Grading G1, G2, L0, V0 -no poorly cohesive carcinoma -no suspicion of mediastinal lymph node metastasis -no suspicion of lymph node metastasis at the distal stomach -good exposition at the esophageal hiatus -normal distal stomach -good circumstances for reconstruction by jejunal Rouxen-Y loop.
The decision making on the optimal resection and reconstruction methods should take into account the global view of all clinical and intraoperative factors. Finally some patients can be completely resected and adequately reconstructed in different ways. However the number of such patients will be few after considering the criteria mentioned in this review.
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